The Pindos Ophiolite Complex, located in northwestern Greece, hosts various chromite deposits of both metallurgical (high-Cr) and refractory (high-Al) type. In Korydallos are encountered both types of chromitites. These are podiform chromitites that have small dimensions and occur sub-concordantly to the hosting peridotites. The Cr-rich chromitites contain magnesiochromite with high Cr# [Cr/(Cr + Al): 0.65-0.68] and low platinum-group element (PGE) contents (294.1 ppb), whereas the Al-rich ones host spinel with low Cr# (0.44-0.48) and elevated total PGE grades (28830 ppb). The former display a nearly flat C1-normalized PGE-pattern, whereas the latter show a positively sloped normalized PGE-pattern. The in situ mineralogical investigation of the Cr-rich chromitites revealed a platinum-group mineral (PGM) assemblage dominated by small (≤ 3 μm) sperrylite, laurite and erlichmanite grains (determined by recalculated qualitative analytical data). Textural relations suggest crystallization under conditions of high fS 2 and fAs and/or low T. The in concentrates mineralogical study of the Al-rich chromitites showed that the PGM assemblage that they host is dominated by Pd-Cu and Pd-Au-Cu alloys. The vast majority of these alloys is associated with abundant secondary BMS (base-metal sulfides) and BMA (base-metal alloys), thus confirming that a sulfide melt scavenged the PGE + Au of the silicate magma from which chromian spinel had already started to crystallize. Both assemblages were affected by an invasion of an oxidizing aqueous fluid in the investigated chromitites. Combined data indicate that the chromitites from the Korydallos area crystallized from a progressively differentiating MORB/IAT melt, produced in a small backarc basin in a supra-subduction zone setting.
Introduction
Chromitites commonly occur in the form of small pods in the mantle suite of ophiolite complexes. Frequently highCr and high-Al chromitites are found to coexist within a single ultramafic massif containing variably depleted peridotites (e.g., Leblanc 1995; Economou-Eliopoulos 1996; Melcher et al. 1997; Proenza et al. 1999; Gervilla et al. 2005) .
These ores are important because they represent a natural source of chromium (Cr) and, to a lesser degree, of platinum-group elements (PGE). Podiform chromitites are commonly enriched in the most compatible PGE frequently referred as IPGE (Iridium-subgroup of PGE: Os, Ir and Ru) with respect to the more incompatible ones, commonly referred as PPGE (Pt-subgroup of PGE: Rh, Pt and Pd) (Barnes et al. 1985) . However, various cases of podiform chromite ores showing a significant enrichment in PPGE have been pointed out worldwide (e.g., Bacuta et al. 1990; Ohnenstetter et al. 1991; Melcher et al. 1999; Malitch et al. 2001; Proenza et al. 2001; Burgath et al. 2003; Escayola et al. 2011) . Predominance of PPGE in these chromitites is indicative of the presence of PPGE-based mineral species. In particular, PPGM crystallization is controlled by the concentration of sulfur in the magma (e.g., Cawthorn 1999; Godel et al. 2007) . When sulfur saturation is achieved, the bulk PGE content is scavenged by the sulfide melt (e.g., Fleet et al. 1993; Li et al. 1996) , thus leading to the formation of PPGM texturally related with base-metal sulfides (BMS). Except for magmatic processes, hydrothermal alteration can also enrich a chromitite body in PPGE (e.g., Malitch et al. 2001) . Specifically, Cl -rich fluids can cause extensive redistribution and deposition of the most mobile PPGE (especially Pt and Pd, Naldrett 1981; Wood 2002; Piña et al. 2008; Wood and Normand 2008) in the form of secondary PPGM.
This paper presents new data on the composition of chromian spinel from Korydallos chromitites, and discusses the critical information they carry about the genetic processes involved in their formation. Moreover, a combined in situ and in concentrates mineralogical study is applied to unravel the differences of PGE-mineralization between the examined chromitites and compare the PGM data with those obtained by previous studies on Korydallos chromitites.
Previous work on composition and PGM of chromitites from Korydallos
During the last two decades several studies concerning chromian spinel composition, PGE-geochemistry and PGE-mineralogy were carried out in order to explain the genesis of Korydallos chromitites (Economou-Eliopoulos and Vacondios 1995; Tarkian et al. 1996; EconomouEliopoulos et al. 1999; Prichard et al. 2008a ; Kapsiotis et al. 2010) . The first studies indicated that Korydallos chromitites show remarkable compositional differences compared to other chromitite deposits from the Pindos 
Regional geology and sampling
The Pindos Ophiolite Complex is located in northwestern Greece and corresponds to a piece of Middle to Upper Jurassic oceanic crust (Rassios and Smith 2000) (Fig.   1a ). It was tectonically emplaced over the autochthonous Maastrichtian-Eocene Pindos flysch. It can be subdivided into four principal tectonic units: the Dramala Complex, the Loumnitsa Unit and the Aspropotamos Complex, all structurally overlying a sub-ophiolitic chaotic lithological formation known as the Avdella Mélange (Jones and Robertson 1991) . The Dramala Unit comprises variably depleted harzburgite-dunite masses (> 1000 km 2 ), which may host small chromitite bodies of massive, disseminated, schlieren and, less commonly, nodular texture. The crustal rocks of the Aspropotamos Complex cover a wide range of geochemical affinities, varying from N-MORB through MORB/IAT to IAT and boninites cross cutting all the previous types of volcanics (Kostopoulos 1989; Pe-Piper et al. 2004) . The Loumnitsa Unit represents the metamorphic sole of both Dramala and Aspropotamos complexes, consisting of low amphibolite-and greenschist-facies metaigneous and metasedimentary rocks that have yielded amphibole Ar-Ar ages of 169 ± 5 and 165 ± 3 Ma (Whitechurch and Parrot 1978; Spray and Roddick 1980) .
Ten representative chromitite samples were collected from the same peridotite block found in a chaotic lithological mixture of mélange type in the southeastern part of the complex (Fig. 1b) . Mélange consists of rock slices that are set in a strongly deformed yellowish to dark green colored, clay to muddy matrix. Different varieties of blocks can be identified in Korydallos Mélange, the most representative are: i) Pelagic limestones of Late Triassic and Upper Cretaceous age, ii) cherts, iii) siliciclastic turbidites, iv) volcanic rocks (mainly pillow-lava basalts and dolerites, Fig. 2a ), and finally, v) plutonic rocks (serpentinites after dunites, serpentinized harzburgites and troctolites). The mélange matrix is composed of pebbles that are also of sedimentary, volcanic or plutonic origin. One peridotite block was found to host a few chromitite pods. It is small (up to a few tens of m long) and red colored due to severe weathering. Moreover it is intensively mylonitized, serpentinized and sheared.
Geological and petrographic description of the chromitites
The studied chromitites have small dimensions (less than a few m long and tens of cm thick), are mostly podiform, and occur sub-concordantly to the foliation of the host peridotite (serpentinite after dunite). Some chromitites display gradational contacts with the host rock. They are thin to medium grained and massive (> 70 vol. % of chromian spinel) to densely disseminated (50-70 vol. % of chromian spinel) in texture.
They are fractured and locally show a cataclastic texture (Fig. 2b) . Their interstitial silicate matrix con- sists of serpentine accompanied by minor clinochlore, tremolite and talc. Serpentine displays mesh and less frequently interpenetrating texture. Only relics of primary olivine are preserved in some samples. Silicate phases that occur as inclusions in the chromian spinel are serpentine, chlorite, olivine and pargasite (Fig. 2c) . Typically monomineralic silicate inclusions predominate. Chromian spinel is commonly altered to ferrian chromite along fractures (Fig. 2d) . Ferrian chromite rims can be up to 250 μm thick and are always surrounded by chromian clinochlore. A large number of BMS and BMA was found in some of the investigated chromitites in a variety of textures: i) as inclusions in chromian spinel or ferrian chromite rims ( Fig. 2d-e) , ii) in the interstitial altered silicate matrix, iii) attached to chromian spinel grains (Fig. 2f) and iv) along cracks in chromian spinel. Awaruite and pentlandite (commonly enriched in Co) are the dominant BM minerals species found in the Korydallos chromitites, followed by millerite and minor orcelite, native Ni and bornite. The BMS and BMA grains are up to 500 μm in size and sometimes can be distinguishable even in hand specimen. They occur both as single and composite grains; the latter are made of pentlandite-awaruite, awaruite-orcelite or millerite-awaruite.
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Analytical methods
All the studied samples were collected within a radius of a few meters. Each was taken from different but neighboring chromitite pods. One polished section was prepared for each sample. Petrographic and mineralogical work was carried out on 10 polished thin sections by both optical (250-800× magnifications) and electron microscopy, and electron-microprobe analysis. In six of them generally small (≤ 3 μm) PGM grains were discovered. The PGM were investigated in situ and imaged using a Super JEOL JSM-6300 Scanning Electron Microscope (SEM) at the University of Patras, with an accelerating voltage of 20-30 kV and a beam current of 2-10 nA. Qualitative analyses of the PGM were carried out by Energy-Dispersive Spec trometry (EDS).
Quantitative analyses of the chromian spinel were performed at the Department of Earth Sciences, McGill University, Canada, using a JXA JEOL-8900L electron microprobe operated in Wavelength-Dispersive Spectrometry (WDS) mode at an acceleration voltage of 15 kV and a beam current of 20 nA, with a beam diameter of about 5 μm. The total counting time was 20 s. The ZAF correction software was put into use (Reimer 1998). Calibrations were done using natural Tab. 1 Representative electron-microprobe analyses of magnesiochromite from Korydallos Cr-rich chromitites Two samples of chromitites were analyzed for PGE + Au at the Activation Laboratories Ltd., Ontario, Canada by Instrumental Neutron-Activation Analysis (INAA) after a pre-concentration of PGE + Au with nickel sulfide fire-assay collection. Detection limits were 10 ppb for Os, 0.1 ppb for Ir, 5 ppb for Ru and Pt, 0.2 ppb for Rh, 2 ppb for Pd and 0.5 ppb for Au. Analytical results for PGE are listed in Tab. 3.
The processing and recovery of the PGM were carried out at SGS Canada Inc., Canada. The super-panner technique applied for the recovery of the PGM from the high-Al chromitites is described in detail in Kapsiotis et al. (2010) .
Quantitative analyses of the recovered PGM were performed at the Department of Earth and Planetary Sciences, McGill University, Canada, by a JXA JEOL-8900L electron microprobe operated in WDS mode at an acceleration voltage of 20 kV and a beam current of 30 nA, with a beam diameter of 2-3 μm. The total counting time (for both background and peak positions) was 20 s. The PRZ correction software was implemented. The X-ray K α lines were used for S, As, Fe, Ni, Co and Cu, L α lines for Ru, Ir, Rh, Pt and Ag, L β for Pd and M α line for Os and Au. Pure metals were applied as standards for all the PGE except Pt for which synthetic PtAs 2 was emloyed, whereas CoNiAs, native Fe, chalcopyrite, pyrite and PtAs 2 were utilized as standards for Ni, Fe, Cu, S and As, respectively. Representative PGM analyses are listed in Tabs 4-6.
It is known that electron microprobe analysis of PGM is challenging because of the small size of the studied grains, commonly close to the limits for quantitative determination (e.g., Zaccarini et al. 2010; González-Jiménez et al. 2011; Kapsiotis et al. 2011) . The small size (≤ 3 μm) of the discovered PGM in the high-Cr chromitites imposes a certain analytical limitation. The low analytical totals (lower than the theoretical 100 %)
Tab. 2 Representative electron-microprobe analyses of spinel from Korydallos Al-rich chromitites -not detected combined with the contamination from the spurious fluorescence emission effect due to direct or secondary excitation from the neighboring minerals, enhance the analytical uncertainty. Alternatively, analysis of sizeable PGM grains (≥ 5 μm) in concentrates provides more reliable results for a complete characterization of the PGE-mineralogy (Kapsiotis et al. 2007 ). Therefore, quantitative analyses presented in this study were carried out merely on PGM from the high-Al chromitite concentrates. On the other hand, only qualitative analyses were undertaken on the in situ discovered PGM in the Cr-rich chromitites, which were either too small (≤ 3 μm) or too inhomogeneous for quantitative analysis. In particular, variable amounts of Cr and Fe were detected in the analyses of PGM grains enclosed in magnesiochromite grains from the Cr-rich chromitites, which are ascribed to fluorescence from direct or secondary excitation of the magnesiochromite host. Consequently, the qualitative analytical results have been recalculated subtracting all the Cr and a proportional amount of Fe, as deduced from the Cr : Fe ratio of the adjacent magnesiochromite grains. The recalculated data were used for the qualitative identification of the PGM inclusions found in magnesiochromite. (Fig. 3) . The elevated Mg# of both chromian spinel types (> 0.50) is indicative of their unaltered nature (Sobolev and Logvinova 2005). Their TiO 2 content is low (≤ 0.34 wt. %), which is typical of ophiolitic chromitites. The analyzed spinel grains plot within the field of chromian spinels in equilibrium with N-MORBs, whereas magnesiochromite analyses fall between the fields of chromian spinels in equilibrium with magmas of N-MORB and boninitic affinity (Fig. 3) .
Chromian spinel grains have been locally transformed into porous ferrian chromite along margins and fractures, whereas such alteration patterns are absent in magnesiochromite. 
PGE + Au concentrations
The total PGE + Au contents vary significantly between both types of chromitites (Tab. 3). In the Cr-rich chromitite the total PGE grade is relatively low (294.1 ppb), whereas the Au content is even lower (14.7 ppb). These chromitites are enriched in PPGE (especially in Pd) relatively to IPGE, a feature not typically recognized in ophiolitic chromitites (e.g., Proenza et al. 2001; Uysal et al. 2007 ). They display an almost flat C1 chondritenormalized PGE-pattern (Fig. 4) , particularly from Os to Pt, with a positive slope from Pt to Pd. The Pd/Ir ratio is high (9.14), however the strong positive Pd anomaly can be probably attributed to post-magmatic effects, responsible for the remobilization and the re-concentration of the element. Other studies have reported higher PGE abundances ( laurite (2 μm), sperrylite (1 μm), hollingworthite (3 μm) and PGE-bearing BMS (1.5 μm). Sperrylite (7 grains), laurite (7 grains) and erlichmanite (4 grains) constitute the dominant PGM phases. Common single PGM inclusions in magnesiochromite include hexagonal crystals of laurite (Fig. 5a ), sperrylite and erlichmanite. Composite PGM inclusions are intergrowths of erlichmanite with sperrylite and PGE-bearing BMS (Fig. 5b) . A few PGM grains including plumbopalladinite (2 μm) and palladoarsenide accompanied by Pd-oxide and (Pd,Cu) 16 (Si,Bi) 7 (probably the bismuthian analogue to vasilite) (8 μm), were found in the altered silicate matrix (Fig. 5c ). Fractured Pt-Fe (Fig. 5d-e) and Pt-Pd alloys (< 20 μm), tetraferroplatinum (4 μm), Ptbearing arsenides (3 μm), laurite ( Fig. 5f ) and composite crystals of Pd-and Pt-bearing arsenotellurides were found along cracks and microcataclastic zones in magnesiochromite. Pt-bearing and Rh-bearing arsenides (3 μm) were also found attached to magnesiochromite grains.
In contrast with the PGE data the in situ examination of the high-Al chromitites yielded only 4 PGM grains discovered in one out of four studied polished sections, which included two skaergaardite crystals (5 μm) attached to a BMA grain interstitial to spinel, a grain of Pt-Fe-Ni alloy (4 μm) included in ferrian chromite and a Pd-Sn grain (3 μm) in serpentine.
In concentrates investigation
The study of PGM in polished sections failed to provide the complete picture of the PGM assemblage hosted in the high-Al chromitites. Therefore, PGM were physically normalized PGE-patterns for these chromitites (Tarkian et al. 1996; Economou-Eliopoulos et al. 1999) .
The total PGE grade of the high-Al chromitites is much more elevated (28830 ppb). The Au content is also relatively high (488 ppb). These chromitites consist of spinel accompanied by abundant BMS and BMA and are extremely enriched in PPGE (26100 ppb) with respect to IPGE (2730 ppb). They display a positively sloped C1 chondrite normalized PGE-pattern (Fig. 4) . The Pd/ Ir ratio, probably unaffected by any secondary effects (since there is a strong correlation between the BMS and BMA content of the chromitites and their PGE + Au abundance), is 21.59. Previous studies also reported high-PGE grades (2672-6864 ppb) and positively sloped C1 chondrite-normalized PGE-patterns for the highAl chromitites from Korydallos (Tarkian et al. 1996; Economou-Eliopoulos et al. 1999 ).
The platinum-group minerals
In situ investigation
A total of 52 PGM grains have been discovered in 6 out of 10 studied polished thin sections of chromitite. Most of them (48) were found in the high-Cr chromitites. In fact, PGM were discovered in most of the examined polished sections from the high-Cr chromitites (5 out of 6) and identification was made based on recalculated qualitative analytical data because of their small size. In particular, the in situ identified PGM in the Cr-rich chromitites comprise inclusions of erlichmanite (1 μm in the longest dimension), Cr-rich chromitites (Tarkian et al. 1996) Al-rich chromitites (Tarkian et al. 1996) Al-rich chromitites (present study) chromitites is not in absolute accordance with their PGE contents. Thus the geochemical data should be used with caution, since they are only indicative and not absolutely ter is an intermediate phase between pure skaergaardite and tetra-auricupride. Pd-bearing tetra-auricupride analyses plot close to the ideal (Pd,Au)Cu composition in the ternary Au-Cu-Pd diagram (Fig. 7b) (Fig. 7b) .
Skaergaardite (ideally PdCu)
The Pd content varies widely in skaergaardite from 53.35 to 60.24 wt. % (Tab. 6). (Fig. 7c) . Nielsenite analyzed in the present study is richer in Pd and poorer in Pt compared to that analyzed by Prichard et al. (2008a) (Fig. 7c ).
Sperrylite (ideally PtAs 2 )
Sperrylite presents a restricted compositional variation, which is expressed by the chemical formulae ( representative of the PGE-mineralogy. The recovered PGM assemblage is characterized by various Pd-Cu and Pd-Au-Cu alloy species. The PPGM occur both as single and polyphase grains, forming anhedral to euhedral grains ranging from a few μm up to 95 μm in size. Each polymineralic grain commonly consists of two different PPGM phases or a PPGM and a BM phase. The recovered PGM tend to occur in three different textural modes: (i) as single or composite inclusions in BM phases (mainly millerite and awaruite) (Fig. 6a-c) (ii) as attachments on BM minerals (Fig. 6d-e) and finally, (iii) as single or composite crystals not related with any BM mineral (Fig. 6f) , some of which might be chemically zoned (Fig. 6g) or corroded (Fig. 6h ). The precise textural features of the recovered grains were described in detail by Kapsiotis et al. (2010) .
Platinum-group minerals compositions
9.1. Pd-Cu alloys The Pd-Cu alloy analyses plot close to the Cu apex in the ternary Pd-Cu-Pt diagram (Fig. 7a ).
Pd-bearing tetra-auricupride [ideally (Pd,Au)Cu]
The Au content of Pd-bearing tetra-auricupride ranges between 39.74 and 55.68 wt. %, whereas the concentration of Cu varies from 29.20 to 34.54 wt. % (Tab. 5). Palladium abundances vary between 13.74 and 22.63 wt. %. Platinum reaches up to 3.15 wt. %, whereas BM (except for Cu) impurities are generally low. The composition of Pd-bearing tetra-auricupride is expressed by the formulae (Au 0.32 Pd 0.15 ) Σ0.47 Cu 0.53 and (Au 0.25 Pd 0.19 ) Σ0.44 Cu 0.56 . Pd-bearing tetra-auricupride contains more Pd and Cu, but less Au compared to the same mineral from the Konder Complex in Russia (Nerkasov et al. 2005) . Tetraauricupride was also discovered in magnetite ores from Skyros Island in Greece, but in that case it was depleted in PGE (Tarkian et al. 1992) . The atomic proportion of Pd in Pd-bearing tetra-auricupride is negatively correlated with that of Au (r 2 : -0.89), suggesting that Pd substitutes for Au in Pd-bearing tetra-auricupride or else that the lat-(As 1.98 S 0.02 ) Σ2.00 . The Pt content of sperrylite varies between 55.64 and 56.75 wt. %, whereas the As content ranges from 42.44 to 43.12 wt. % (Tab. 6). Similar sperrylite compositions from Korydallos chromitites were also reported by Prichard et al. (2008a) . Traces of Pd, Rh, Os, Ir and BM are also present in the analyzed sperrylite crystals.
Zvyagintsevite (ideally Pd 3 Pb)
Zvyagintsevite from Korydallos chromitites contains 60.82 wt. % Pd and 37.98 wt. % Pb (Tab. 6). It also contains traces of Pt, Ir, Ag, Fe and Ni. Its composition resembles that of zvyagintsevite from Talnakh ore in Siberia (Genkin et al. 1969 ).
Pt-Fe-Ni alloys
One Pt-Ni-Fe alloy grain was analyzed. It was found to contain elevated concentrations of Pt (47.86 wt. %), Ni (25.44 wt. %), Fe 14.86 (wt. %), Cu (7.81 wt. %) and Pd (3.27 wt. %) (Tab. 6) which can be expressed by the chemical formula Pt 0.22 Pd 0.03 Ni 0.40 Fe 0.24 Cu 0.11 . The Pt-NiFe alloy analyses reported by Prichard et al. (2008a) were characterized by higher Pt contents.
Discussion
Origin of Korydallos chromitites
Complicated scenarios involving melt release from diverse magmatic sources at different times during the evolution of the oceanic lithosphere have been proposed to explain the coexistence of two different types of chromitites in the same ophiolite complex (e.g., Melcher et al. 1997; Zhou et al. 1998; Ahmed and Arai 2002; Prichard et al. 2008b) . In some cases a vertical distribution with high-Cr chromitites located deeper in the mantle section and high-Al closer to Moho has been observed (Ahmed as reflecting temporal and/or spatial variations of separate melt intrusions, originating from different mantle sources, and emplaced in a geochemically segmented lithosphere across sub-arc mantle domains, during the opening of a back-arc basin in a supra-subduction zone environment. High Cr-Al chromitites coexist within the mantle suite of the Pindos Ophiolite Complex (Economou-Eliopoulos and Vacondios 1995; Tarkian et al. 1996; EconomouEliopoulos et al. 1999 ). In the Korydallos district, two distinct types of chromitites are found to coexist in a small area. Magnesiochromite compositions from the high-Cr chromitites plot between the fields of chromian spinels in equilibrium with magmas of N-MORB and boninitic affinity. On the other hand, spinel composition from the high-Al chromitites resembles that of chromian spinel in equilibrium with melts of N-MORB affinity. Boninitic melts are produced in the island-arc mantle, whereas hydrous MORB-type melts may be formed in nascent spreading centers, like back-arc basins (e.g., Zhou et al. 1998) . So, the formation of the investigated chromitites in different parts of the same mantle wedge above a rapidly developing supra-subduction zone would seem to sufficiently explain their genesis. However, their apparent proximity is in favor of their common magmatic origin. Thus more reasonable would be to suppose that a single parental melt formed the high-Cr chromitites and then moved upwards, more differentiated, to produce the high-Al ones. Such a mechanism can take place in narrow spaces over short time spans . Moreover, the parental melt must have composition intermediate between boninite and MORB.
In the Pindos Ophiolite Complex are present volcanic rocks covering a wide range of geochemical affinities. Recently, Saccani et al. (2008) suggested that basalts with geochemical features intermediate between MORB and IAT could have been released from the Pindos mantle after an early MORB extraction episode. Furthermore, another study suggested that MORB/IAT magmas in Pindos were produced in a small back-arc basin, as a result of partial melting of a depleted lherzolite hydrated from a downgoing slab (Beccaluva et al. 2005) . Consequently it can be claimed that a differentiating MORB/IAT melt produced in a small back-arc basin could have been responsible for the formation of Korydallos chromitites.
Formation of the chromitites and their PGM assemblages
Published data indicate that chromitites enriched in PGE may crystallize from melts produced in a critical melting interval of 20-25 % (O'Hara et al. 2001; Prichard et al. 2008b ). In addition, PGE enrichment is controlled by the sulfur content of magma (e.g., Cawthorn 1999). According to Keays (1995) differentiating tholeiitic melts, which have formed in a melting interval of 20-25 %, may become saturated with sulfur. The PGE-rich nature of the studied chromitites combined with the wide range of Cr# of the ore hosted chromian spinel implies that the total degree of melting by which the MORB/IAT melt formed was within the critical melting interval, thus allowing extensive extraction of PGE from the mantle. According to Beccaluva et al. (2005) , MORB/IAT magmas in Pindos were produced after 8 to 10 % melting of a depleted lherzolitic to clinopyroxene-bearing harzburgitic source (residue after 10-20 % MORB extraction).
Subsequently the MORB/IAT melt supposedly upwelled and reacted with the sulfide-poor shallow mantle peridotites to transform them into dunites. Melt-peridotite interaction could have increased the SiO 2 content of the resultant melt and mixing with the next pulse of MORB/IAT magma would force the final melt to become saturated in magnesiochromite, thereby leading to the formation of high-Cr chromitites. The lack of IPGE-rich alloys in the studied Cr-rich chromitites combined with the common presence of laurite and erlichmanite, imply that elevated fS 2 and/or low T conditions had prevailed early in the magmatic system, before magnesiochromite crystallization (e.g., Nakagawa and Franco 1997; Brenan and Andrews 2001; Andrews and Brenan 2002) . Moreover, the predominance of sperrylite inclusions in magnesiochromite reveals that, besides fS 2 , fAs was also an important intensive variable during the formation of the PGM assemblage. Laurite was the first PGM to precipitate from the melt at relatively high fS 2 (log fS 2 : -2 to -1.3) and/or low T (< 1 200-1 300 °C) conditions. Subsequently fS 2 approached the Os-OsS 2 buffer and T decreased, thus permitting erlichmanite formation. Experimental estimations showed that sperrylite could be stable at temperatures even higher than 1 400 °C (Berlincourt et al. 1981) . However, the crystallization sequence of Ru-Os sulfides described above precludes that sperrylite and hollingworthite crystallized at such T conditions. Since laurite is the first PGM to crystallize, it is expected that sulfarsenide and diarsenide formation started below 1 200 °C at elevated fAs. Sperrylite overgrowths on erlichmanite support an idea that diarsenides crystallized after sulfides.
After the formation of the high-Cr chromitites the melt would have moved upwards becoming progressively enriched in SiO 2 through melt-peridotite interaction and mixing processes. Enrichment in SiO 2 triggered spinel crystallization and sulfur saturation as it is indicated by the abundant BMS and BMA occurring as inclusions in spinel. Sulfur saturation was also enhanced by the removal of FeO from the magma after spinel precipitation. The high Pd/Ir ratio (21.59) of the Al-rich chromitites is indicative of their formation from an evolved melt. The elevated PGE + Au abundance measured in the Al-rich chromitites is clearly due to their substantial collection by minor amounts of immiscible sulfide melt. In accordance with Prichard et al. (2008a) the present data indicate that Pt is more commonly alloyed with Ni and Fe, whereas Pd is more frequently alloyed with Cu. Additionally, our data suggest that Au has also a strong tendency to become alloyed with Cu. The BMS and BMA inclusions in spinel imply that the high-Al chromitites formation started at elevated fS 2 conditions, probably at the T of mss (monosulfide solid solution) formation (1 100 °C).
The present data suggest that IPGE were almost completely fractionated into the high-Cr chromitites in the form of discrete IPGM, whereas Pt and Rh were only partially incorporated in the Cr-rich chromitites. On the other hand, Pd and Au as well as part of Pt and Rh were diluted in the residual melt. After Cr-rich chromitite formation, the melt currently depleted in IPGE likely moved upwards. As droplets of immiscible sulfide melt began to co-crystallize with spinel during Al-rich chromitite formation, they could have scavenged the remaining bulk precious metal inventory of the melt. This process is thought to have triggered enrichment of PPGE over IPGE in high-Al chromitites. Such a scenario would also allow nearly complete separation of IPGE from Pd and Au during the differentiation of the chromitite-forming melt.
Low-T alteration of PGM
In the high-Cr chromitites tetraferroplatinum, Pt-Fe and Pt-Pd alloys, Pt-Ir-Ni-As and Rh-Ni-As, as well as Pt-bearing arsenotellurides were found associated with secondary silicates. Thus their secondary origin is undisputable. Some fractured secondary alloys were found in microcataclastic zones. A single laurite grain was also observed in a microcataclastic zone. These features support an idea that these PGM did not crystallize from a fluid but they represent alteration products of primary PGM more or less (laurite) susceptible to hydrothermal alteration. Furthermore, the elevated As contents and appreciable amounts of S (qualitative data) measured in some of these phases (Pt-alloys and arsenides and Rh-arsenides) indicate that they represent products of combined de-arsenication and de-sulfurization of primary Pt-and Rh-rich phases like sperrylite and hollingworthite, respectively. Sperrylite and hollingworthite were found only as inclusions in magnesiochromite. However, combined PGE and PGM data show that after magnesiochromite precipitation part of Pt and Rh remained in the intercumulus melt, thus probably promoting sperrylite and hollingworthite interstitial crystallization among the magnesiochromite crystals. Composite intergrowths of plumbopalladinite and palladoarsenide accompanied by Pd-oxide and vasilite are interpreted as hydrothermal in origin, representing the result of a strong Pd mobilization as it is also indicated by the geochemical data.
The vast majority of the recovered alloys from the high-Al chromitites of Korydallos is free of elements like Sb and Te, which are generally interpreted to become introduced in altered phases via secondary processes (Prichard et al. 1994) . Thus, the present data indicate that these alloys were originally present in the investigated chromitites and do not represent products of hydrothermal deposition. However, the common textural asso-ciation of porous alloys with secondary BMA and BMS indicates that alteration has almost completely removed the sulfur from the BMS precursors, leaving a Pt-Pd-Au and BM assemblage in accordance with Prichard et al. (2008a) . Moreover, some Pd-bearing tetra-auricupride grains are zoned and marginally replaced by Pd-bearing auricupride. A few recovered Pd-Cu alloy grains are also zoned. The zoned grains display irregular and corroded margins. The transitions in the zoned crystals are sharp and irregular, which is indicative of the secondary origin of the zoning patterns. Particularly, the zoned crystals of Pd-bearing tetra-auricupride have greater Pd, Au and Pt contents in the center than at the edge. These data indicate reaction of the alloy with a hydrothermal fluid that caused mobilization of Pt, Pd and Au on a restricted scale. Theoretical predictions support that Pd, Pt and Au are soluble in Cl -rich aqueous fluids for T higher than 350 °C (Wood and Normand 2008) , 300 °C (Wood et al. 2002) and 300 °C (Romberger 1991), respectively. Such conditions are in accordance with the silicate assemblage of serpentine + tremolite + talc, found in the investigated Al-rich chromitites, as well as the assemblage spinel + ferrian chromite + chromian clinochlore, which are both indicative of low amphibolite-facies metamorphism (Barnes 2000) .
The Pt-and Pd-bearing oxides accompanying the Pt-Fe-Ni alloys and Pd-bearing tetra-auricupride, respectively, are also interpreted to be secondary, as it is the case for PGM oxides from elsewhere (e.g., Garuti and Zaccarini 1997; Proenza et al. 2008) . In particular, the apparent leaching of Au, Pd and Pt from Pd-bearing tetra-auricupride seems to be balanced by hydrothermal addition of oxygen. This suggests that the hydrothermal fluid was locally oxidizing enough to convert the primary PGM into oxides.
Conclusions
The investigation of the chromitites from Korydallos in the Pindos Ophiolite Complex (Greece) has led to the following conclusions: 1. Podiform chromitites containing chromian spinel with a large range of compositions, from high-Cr to high-Al, occur interspersed within a single peridotite block (< 100 m long) in the Korydallos mélange. 2. The high-Cr chrome ores host magnesiochromite with high Cr# (0.65-0.68), whereas the high-Al ones are composed of low Cr# (0.44-0.48) spinel. 3. The high-Cr chromitites host a primary PGM assemblage mainly dominated by sperrylite, laurite and erlichmanite inclusions in magnesiochromite. The Al-rich chromitites host a PGM assemblage that mainly consists of Pd-Cu and Pd-Au-Cu alloys.
4. The high-Cr and high-Al chromitites of Korydallos crystallized from the same progressively differentiating reactive melt of MORB/IAT affinity almost at the same mantle level. 5. PGE-mineralogy data show that the IPGE were fractionated in the Cr-rich chromitites as discrete PGM phases, whereas Pd and Au were concentrated in the BMS-rich high-Al chromitites. 6. The secondary PGM assemblages were formed most likely by the invasion of an oxidizing hydrothermal fluid in the chromitites causing de-sulfurization of the primary PGM.
